Vasodilator-stimulated phosphoprotein (VASP) phosphorylation provides a biomarker for the action of exisulind and related agents that activate protein kinase G.
Recent studies provide evidence that exisulind and two potent derivatives, CP461 and CP248, induce apoptosis in colon cancer cells by inhibiting cyclic GMP (cGMP)-specific phosphodiesterases (phosphodiesterases 2 and 5). This causes an increase in intracellular levels of cGMP, thus activating the cGMP-dependent protein kinase G (PKG), which then activates pathways that lead to apoptosis. To further examine this mechanism and to provide a potential in vivo biomarker for activation of this pathway, we examined phosphorylation of the vasodilator-stimulated phosphoprotein (VASP), a ubiquitously expressed endogenous substrate for PKG. We found that VASP was phosphorylated after treating SW480 colon cancer cells with exisulind, CP461, or CP248. CP248-induced VASP phosphorylation was inhibited by a specific PKG inhibitor but not by a protein kinase A inhibitor. The drug 3-(5'-hydroxymethyl-2'-furyl)-benzylindazole and nitric oxide donors that activate cellular guanylyl cyclase and thus increase cellular levels of cGMP also caused VASP phosphorylation. With all of these agents, the phosphorylation of VASP was associated with increased intracellular levels of cGMP and the induction of apoptosis. We also demonstrated direct in vivo phosphorylation of VASP with constitutively activated mutants of PKG. These results suggest that VASP phosphorylation can provide a useful endogenous cellular biomarker for anticancer agents that cause cGMP-mediated apoptosis.